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SUBJECT:  Apollo Command System - Spacecraft DATE: [larch 28, 1969
Computer Update Delays Using the
Updata Link - Case 900 FROM: J. E. Johnson

T.M. 69-2034-3

TECHNICAL MEMORANDUM

Concern has sometimes been expressed about the delays
inherent in the Apollo command system. In particular, it has
been thought that the time required to update the Command
Module Computer (CMC)#¥* or Lunar Module Guidance Computer (LGC)

at lunar distance via the updata link could be excessive. The
delays in the system are the result of the system design, mes-
sage coding, and operational procedures. This memorandum

examines the delays that could be expected in updating the CMC
or LGC, based upon the command system hardware, software, and
operational procedures used for Apollo missions AS-205 and
subsequent (Universal Command System). It is shown that the
maximum length update (18 computer words) to a spacecraft at
lunar distance, assuming normal system operation, will requirs
about 80 seconds. This deces not appear to be excessive wien
considered in the context of the operational environment.

TYPES OF UPDATES

There are four basic types of updates to be used
with the updata 1link to the CMC and LGC. Two of these, Verb
Tl-type updates and Verb 72-type updates, are used to alter
data or instructions stored in the computer's erasable memory.
The Verb 71 update is used to alter the contents of up to 18
consecutive spacecraft computer memory registers. (15 bits each).
The Verb 72 update is used to alter the contents of up to 9
non-consecutive memory registers. Longer length updates can be
used; in this case the total update is broken up into blocks
of not more than 18 (9) CMC/LGC words each, and each block is
uplinked and verified as 1f 1f were a complete update in itself.
A1l pre-mission identified and labeled updates (e.c., state
vector updates, target updates) are contained in not more than

18 computer words and can be uplinked as an entity. There docs
exist a capability, however, to alter the contents of any vart or
all of the erasable memory in both spacecraft computers. - The

¥A list of abbreviations and acronyms used in this
memorandum is given on page 12.




BELLCOMM, INC. -2 -

other two updates, Verb 70 and Verb 73, are time increment up-
dates. Verb 70 is a lift-off time update, transmitted in
double precision (2 computer words, or 30 bits). Verb 73 is a
clock time update, also transmitted as a two-word double pre-
cision parameter.

The Vefb 71 uplink format is as follows:

VT1E Verb Preamble

I1E Index (3<II<20)

AAAAE Starting Address

XXXXXE )

KXXKKE > Stored in

\Al ",_'111;1”
> Data (up to UPBUF!

18 lines)

XOOOE )

V33E Final Lnter

The Verb Preamble tells the computer the format of
the data to follow. The Index gives the number of lines (words)
to expect, including the index line. The Starting Address 1s
the erasable memory address at which the computer 1s to start
loading the data after it has teen verified. Up to 18 lines of
data follow. Each line consists of 5 octal digits, comprising
a 15-bit CMC or LGC word. The Index, Starting Address, and data
are all stored in consecutive slots in buffer storage (UPBUFRF
until the ground verifies via ftelemetry that they were received
correctly. After ground verification, a "Final Enter" code is
transmitted, causing the data to be transferred from UPBUFF to
the desired locations as indicated by the starting address.
Each 1line of instruction and data must be terminated with an
"Enter" (E) character; although, only the l-character "Final
Enter™ (V33E) code will cause the data to be entered into work-
ing memory. These Enters are not stored in the spacecralt com-
puter. The Final Enter 1s transmitted only after thc ground
has verified correct recelpt of all the data.

Each uplinked character (octal digit, V, E, etc.) is
formatted as a 5-bit "keycode", and is uplinked in true-
complement-true form. Accompanying each keycode is a 3-bit
vehicle address, a 3-bit system address, and a logical "one".
Each bit is sub-bit encoded at the transmitting site, a pro-
cess that substitutes a 5-bit code for each information bit.
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Thus 110 sub-bits (22 information bits) are uplinked for each
character. This keycode format is shown in Fig. 1. A list
of keycodes.and their bit structures is given in Table 1.

Tuae Verpb 72 uplink format is as follows:

V72E Verb Preamble

IIE Index (3<IT<19) )

AAAAE Address for first line T

XXXXXE First line of data

AAAAE Address for second lin2 Addresses and

XXXXXE  Second line of data gazziii% to ) Stored in
> "UPBUFF"

AAAAE Address for last line

XXYXXZ  Last line of data ) j

V33 Yinal Enter

This update differs from the Verb-71 update in that
data is not required to be stored in consecutive memory registers.
Since an address must be surplied with each line of data, the
length of the update is limited to 9 lines of data. This con-
straint is due tc the "UPZUFF" total capacity of 20 lines. As
with the Verb 71 update, the index, addresses, and data are all
stored in UPBUFF until verified by telemetry read-out. The
Final Enter causes each line of data to be transferred to its
indicated address in working memory.

The same 110 sub-bit uplink format is used as for the
Verb 71 update.

The verb 70 uplink format is as follows:

V70E . Verb Preamble
XXXXXE Most Significant Part of
Time Increment
XXKXXE Least Siznificant Part Stored in

1" an
of Time Inzrement UPBUFF

V33E Final Enter
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The Verb 73 format is identical except for the substitution of
V73E for V70&n. Verification procedures are the same as for
Verb 71 and Verb 72 updates. Verb 70 and Verb 73 updates will
not be considered further in this memorandum.

A list of command lcads is given in Table 2. The
Erasable Memory updates are general updates, and may be any
length. All others are contained in not more than 18 lines
(Verb 71) or 9 lines (Verb 72).

COMMAND OPERATIONAL PROCEDURES®

Command updates (loads) are normally generated con-
siderably in advance of the time they are expected to be used.
The update, less the Final Enter, is transmitted in keycode
format to the selected MSI'N site(s) and stored in the memory
of the Remote Site Command Computer (RSCC). The actual uplink-
ing of the load is under the control ,of flight contﬁollers at
the Mission Control Center (MCC) in Houston.

The nermal commanding procedures ar

D

the following:

1. The command load iz zenerated by the Real-Time
Computer Complex (PUCC) a2t the MCC under Instructions
from a flight controller and transmitted to a remote
site, where it 1is stored in the memory oi the R3CC.
It is assigned a unicue load number.

2. If it is desired tc uplinik the lozad the creow 15 ask-
ed to place the computer in the "Idle" (Program 00)
mode, and to insure that the UP TLM switch is in the
"ACCEPT" position.

3. The flight controller will transmit the load number
to the site along with a "Verb Initiate" request.
The RSCC will then uplink the 3 characters "V71" or
"y72" associated with that load. Correct receipt of
these 3 characters is verified by observing a display

of telemetered dats on the flight controller's console.,

i, Upon verification ol the ”VTl" or "V72", the flight
controller will transmit a request to the site to
uplink an Enter ("E"). Tiis will also be verified Ly
visual observation of telemetry data.

5. The actual load will be called up by transmitting a
"T,oad Initiate" reguest to the RSCC. The RSCC will
remove the load from memory, format it into the 22-
bit uplink format, sub-bit encode it, and uplink it
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at a rate of one keycode character (octal digit)
every 160 ms. The load will be verified by having
the RSCC perform a bit-by-bit comparison of the
telemetered read-out of the UPBUFF contents with
wna* 1t has stored in its mernory. A verification
message will be sent to the flight controller at
the control center.

6. Upon verification of the load, the'flight controller
will transmit a request for the "V" of the Final
Enter, and awailt visual verification before proceeding.

7. The same procedure will be followed for the first "3".
8. Ditto for the second "3".

9. The "E" for the Final Enter will be transmitted after
verification of the second "3", and will cause the
update to be transferred from UPBUFEF to the indicated
address(es) in working memory. The crew will normally
return tne up TLM switch to "BLOCK" fcllewing connle-
tion of tTne urdate.

These sters are summarized below:

Part of Command Verification

V71 or V72 Visual - IMCC

E Visual - HCC

Index, Address and Automatic - RSCC, with

data message sent to MCC

\Y Visual - MCC

3 Visual - MCC

3 Visual - MCC

E _
Filenht controller action is necezsary fto initlate each of these
stevs. Thus, human response time 1s a component of command

COMAND LOADINA DELAYS

Since a command load is normally generated and trans-
mitted to a remote site in advance of its use, the delays as-
sociated with these processes do not normally enter into the




BELLCOMM, INC. -6 -

i
i

overall commanding delay. For those relatively rare caszes wnen
it is desired to generate a load and uplink it immediately, an
estimate of the load generation time is in the neighborhood of
15 seconds, and the load transfer time to the remote site is
about 3.5 seconds. Making an allowance for flizht controller
response time to the remote site acknowledgement of correct
acceptance of the load (validation), perhaps 20 seconds would
be required prior to the commencement of the uplinking process.

The load generation time includes the time reqguired
for the flight controller to verbally instruct the RTCC Computer
Command Controller (CCC) as to the nature of the load he wants,
the time for the CCC to input the necessary data to the RTCC,
the RTCC load generaticn time, the time reguired for rezd-out
and display generation of the load to the CCC and to the request-
ing flight controller, the time taken to visually review the
load, and the time to transfer the approved load to the Communi-
cations, Command and Telemetry System (CCATS). Gemini experience
has shown that command load generation reqguires about 12-15
seconds. These processes are essentially the same for Gemini
and Apollo, and the times should bhe comparable,

The transmission and validation time requirved for an
18-word update iz itemized under the "Command Lo"dinj" neading
item I in Table 3, and is shown fto be about 3.5 seconds. Tnhis
assumes normal system operation, with no errors detected and no
retransmissions. The transmisscion path is asquﬂcd to consist of
a 50.0 kbps Wide Band Data (¥WBD) circuit between Houston and
Goddard, and a 2.4 kbps High Speed Data (HSD) circuitl betwacen
Goddard and the remote site routed via a communications satel-
lite at synchronous altitude. All times are approximate. Pro-
cessing delays are particularly hard to predict, since they
depend upon what else may be going on inside the computer when
the data arrives, and what priorities are associated with the
various tasks it 1is called upon to perform. The times listed in
Table 1 are estimates of the maximum (or in some cases near-
maximum) delays to be expccted assuming normal operation, ang

no overloading of the system. The estimates were bazed on infor-
mation from Ref. 1, and {rom discussions with Y3C perscnnel.

Details of the command loading, uviinking, and veri-
fication processes are given in Ref. 2.

COMMAND‘UPLINKING DELAYS

There are seven steps in the uplinking of a CIHC or
LGC update (as listed on page 16 ). The items contributing to
delays in these steps are tabulated under Sections II-VIII in
Table 3.
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IFach step is initiated by an Execute Command Request
(ECR) transmitted from the Control Center to the RSCC. The
ECR is generated in CCATS in response to pushbutton signals
\ from the flight controller's console. The transmission path to
the remote sit=s is the same as for the "nad data

; The first step of the uplink sequence is the uplinking

: of "V71" or "V72". The ECR for this step contains the load
number, the code for "Verb-Initiate", and an indication of whether
UHF or USB transmission is to be used (determined by the
flight controller). The delays to be expected for the transmis-
sion and verification of this step total about 8 seconds, and
are itemized in Section II of Table 3. It is assumed the space-

craft is at lunar apogee (2.2 x 10° nm). The uplink rate is

1 kbps. There is a 50 ms 3spacing between the uplinking of suc-
cessive characters to permit the spacecraft decoder to clear out
the previous character. The rate of uplinking is thus one
character (110 sub-bits) per 160 ms. ° :

The Verb Preamble is telemetered back to ths ground
as vart of a 200 word (15 bits/word) CMC or LGC read-oubt 1ist.
When operating in the nigh-bit rate telemetry mede (51.2 khra),
this list will be read out every two seconds. However, the
infermation to be verified appears twice in the list, separatad
by 69 words. Thus the maximum wait will be one second. Vhen

operating in the low-bit rate mode from the CSM (1.6 kbps), the
list is read out every 10 seconds, and the maximum wait is 5
te

(D
I

seconds. The list does not appear in the LM low bit rate le
try. It 1s not planned as a normal procedure to command when
operating in the low rate mode. Hence, one second was taken as
the applicable maximum delay for this study. The average delay
would be one-half second, and the minimum would be zero, depend-
ing on where in the read-out cycle the telemetry system happened
to be when the data was received.

The second step, uplinking an Enter to condition the
computer for the data to follow (instructing it to go to Pro-
gram 27), requires essentially the same time as the first. The
only differerice is that since only one keycode is reguired,

320 ms are saved. The total for this step 1s thus about 7.5
seconds. However, before this step (and all succeedinz steps)
can begin, the flight controller must observe the verification
signal he receives {rom the preceding step, and respond with the
appropriate manial actions (pushbutton d=pressions). Since he
would logically be expected to be giving his full attention to
this activity, his reaction time should be short (although long
relative to computer processing times). A figure of two seconds
was arbitrarily assumed for this study. It should be noted that
an inattentive flight controller could 51gn1flcantly Increase
the total system delay.
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The uplinking of the load data { Section IV of Table 3)
would take about 26.5 seconds for a maximum length of 18 words.
This step is initiated by an ECR giving the load number. This
causes the load to be removed from RSCC storage, formatted, and
uolinked as ar entity. There is no walt for verification until
the entire load has been uplinked. OSince each word conslists of
5 octal digits plus an enter, it requires 960 ms to uplink a
word. Thus, for loads of shorter length, approximately one
second should be subtracted for each word less than 18.

Verification of the load data is performed automatical-
ly by the RSCC using telemetry data in what is termed a "buffer
compare' routine. The data received by the spacecraft computer
(but not the Verb Treanble or Finzl Enter) 1s stored temporarily
in UPBUFF. The contents of UPRUFE are part of the 200 word read-
out 1list referred to earlier, and are read-out twice eovary two
seconds. These read-outs are comparea by the RECC with the data
that it uplinked. Two successful comﬁarisons are regquired to
establish verification, thus rezuiringe two seconds maximum (one
second minimum) of telemetry deloJ. Siould the verification
fail, the RSCC 1s rrogrammed to rote the “Ordo failil and look

2t up to 6 additicnal telsmetsred resdouts In an &tt -
establish verification on words., Jncn verification 1z
establishsd, & mescans 1z . to the JICC and rcuted to fLhe

flignt controller initisting the commagnd. Should verificaticn noi
be established, the identity of the lines (words) not verified
will be provided. This situatiorn will be discussed In the sec
tion on delays due to non-nominal conditions. The e, &

VER (Command Analysis Pattern ”““i“*CQ*fﬂn) is sent as »nart o
the telemetry "bit stream being returned to the ACC. It 1s sent
three times in three consecutive one-second long telemetlry data
frames. On missions with two spacecraft, there will be two HSD
lines for telemetry, and the CAP VER's will be sent twice on one
line ‘and once on the other, phased one-half second apart.

Following flight controller recognition that UPBUFF

contains the desired data, the "Tinal Enter" sequence iz initiated.

This consists of four keycodes sent one-at a time. The time
reaquired for transmission and verifilcation of each of the first
three kevcodes "VV, "3", and "3" will be about 7.5 sec., as before,
After verificaticn of the V33", the Enter keycode i3 transmitted
to release the data to computer workine memory. Since verifi-
cation is not apnrlicable for thic lteycode, 1t will consume conly

a little more than two seconds. '

The total delay for entering an 18-word update into
CMC or LGC working memory at lunar distance is thus estimated
to be about 67 sec., plus the time for 6 operator responses.
With a two sec. estimate for each of the latter, the over-all
time becomes 79 sec. If it is also required to consider the

- - - T N — - T 4 n i e e ey o e e 5 e e 7 s i




BELLCOMM, INC. -9 -

load generation time in the RTCC, about 20 sec. would be added,
for a total of about 100 seconds. In this latter case, the
flight controller decision-making time preparatory to starting
load generation and thc time required to specify the input para-
meters would ~7so have to be considered, and could be expected
to be significant. Figure 2 shows the components of the total
update delay. :

Figures 3 and U show the over-all delays to be expect-
ed for Verb 71 updates and Verb 72 updates, respectively, as func-
tions of load length and slant range.

NON-NOMINAL CONSIDERATIONS

If verification is not established on the keycodes
assocliated with the Verb Preamble or the Final Enter, the normal
procedure 1is to repeat the transmission until verlflcatlon is
achieved, or until the flight controller decides that further
attempts are futile. Each keycode retransmission could be
expected to take about 7.5 seconds, plus operator response time.

If verificatlion 13 not esztaniished on Lhe
a delay of 6 additional 5 is introduced uefore
conpars routine of the RIECC fimz2z-out, This ia to =21

6 additional UPBUFF read-outs in an attempt to achieve c
son. The lines failing to compare are identified to
controller via a CAP NON-COMZARE message 1in lieu of a
The normal procedure would now be to initiate retransmission of
the lines in error (line-by-line corrcction) if they do not
exceed 3, and to clear the load and start over if they do. The
additional delay to be expected for a line-by-line correction
would be about 15 seconds for one line in error, and about 1.5
sec, extra for each additional line to be corrected, plus opera-
tor response time. This assumes that verification on the second
uplinking attempt will occur on the first two readouts of the
UPBUFF list. These times include the 6 extra seconds inherent

in the buffer compare routine on the first uplink attempt. Facnh
word to be uplinked in the second attempt must be accompanied by
a two digit identifiler tec enable the computer to 1dmnrlfy which
word in UPBUFE is to be corrected. Thus, 9 keycodes are reguired

per word to be corrected; as follows

i1 Identifier (liiiiZO)
XXEXXE Corrected Data

iiEk .

XXXxxE .

iiE _ .

XXXxxE : .
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If 1t is desired tc clear the load and start anesw,
the procedure is to first send "V34E" (terminate) which will
cause the spacecraflt computer to discard all data it has stored
in UPBUFF and return to the program it was in before the update
was initiated. The entire uplink process is then reinitiated,
starting with the Verb Preamble. In this case, the delay to be
expected would be about 6 seconds extra waiting for the buffer
compare routine to time out, plus another 80 seconds for a repeat
of the entire uplink process, assuming everything goes perfectly
the second time. The "V34E" used to terminate the first uplink
attermpt could be expected to consume about the identical time
as the "V33E" would have. However, a longer operator delay time
could logically be echcteo, 2s the operator must now choose
among alternatives in dealing with 2 non-noninal situsticn

SUITIARY AND CONCLUSIONS

Between one and one and one-half minutes could logi-
cally be-expected to bte consumed In 2 typical update to
craft computer at lunar distance. The representativs ¢
developed in Table 3 used 7C¢ sec o

o space-
aze
onds. Shoulﬂ cm“racfiv"

2 loRE)

N

reaulred, Thoy wWou. 20-39 SISRE
a line-by-line cor a2bout as lo e
I 5 3
]

[

antirs

incorrect load i:
reinitiated.

oz

‘11‘

The time required for an update can only bte judged Lo

be excessive or not when viewed in an ooeratwona] context, The

nature of an updete is such that it is rarvely requirsi Immadizto
ly, and the consegquences would not be llkvly to be catastropnhic
if the update were to be delayed for a few minutes.

R o .

2034-JEJ-bjw J. E. Johnson
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ABBREVIATTIO!IS AND ACRONYIS

CAP COMPARE Command Ana]ysis Pattern Comparison
CAP NON-COMPARE .i ( " " " Non~comparison
CAP VAL L " " Validation
CAP VER " " " Verification
CCATS Communications Command and Telemetry
System

CHe Command iModule Computer

E "Enter" Keycode

ECR Execute Command Request

GS¥C Goddard Svace Flight Canter

HSD High-Speed Date (2.4 kbps)

kbps kilobits per»second

LGC ' Lunar Module Guidance Computer
- MCC Mission Control Center

mHz megahertz (megacycles/second)

MOCR Mission Operations Control Room (in MCC)
" MSFN Manned Space Flight Network

ms millisecond

nm nautical miles

RS Remote Site

RSCC Remote Site Command Computer

RSTC " " Telemetry Computer

RTCC Real-Time Computer Complex
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ABEREVIATIONS AIID ACROINYIS (Contd.)

SC Spacecraft

TLM 2 Telemetry

UDB Updata Buffer

UHF Ultra-High Freqguency

UPBUFF Buffer Storage for data from
MSFN in CIC or LGC

USB Unified S-Band

W ‘ "Verbv" Keycode

W Word (15 bits) in CMC or LGC

WD Vide-Band Data (50 wopz)
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UPLINK STRUCTURES.

TABLE

CMC/LGC KEYCODES
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COIMMAND DESCHLrTICH OCTAL
LGC VERB (V) 31613504
CMC VERB (V) 43613504
LGC NOUN (N) 31770174
CMC NOUN (N) 43770174
LGC CLEAR 31760370
CMC CLEAR 43760370
LGC ENTER (E) 31740760
CiiC ENTER (E) 43740760
LGC ZERO (0) 31603700
CHMC ZERO (0) 43603700
LGC ONE (1) 31017404
CMC ONE (1) 4341740k
LGC TWO (2) 31427210
CMC TWO (2) L3l27210
LGC THREE (3) 31437014
CHMC THREER (3) 43537014
LGC FOUR (L) 31446620
CHC FOUR (L) 43ubegzo
LGC FIVE (5) 31456424
CMC FIVE (5) 43hsplol
LGC SIX (6) 31466230
CiC SIX (6) 43L466230
LGC SEVEN (7) 314760310
CMC SEVEN (7) 43476034
LGC EIGHT (8) 31505640
CMC EIGHT (8) 43505640
LGC NINE (9) 31515444
CMC NINE (9) 43515444
LGC PLUS (+) 31721350
CMC PLUS (+) 43721350
LGC MINUS (-) 31731154
CHMC MINUS (-) 43731154
LGC ALL ZERO# " 31400000
CHC ATT, ZRERO% 43400000
LGC ERROR RESET 31623310
CMC ERROR RESET 43623310
¥PHIS COMM ””u IS UNIQUE

TO FORM THE UPLINK STRUCTURE

IN THAT THE
AS IS

VA

011
100
011
100
011
100
011
100
011
100
011
100
011
100
n11
1043
011

“100

01l
100
011
1920
011
100
011l
100
011
100
011
100
011
1090
011
100
011
100 -

BIT STRUCTURE

SA

001
011
001
011
001
011
001
011
001
011
GOl
011
001
011
001
011
001
011
001
011
001
011
001
011
001
011
001

011

001
011
001
011
001
011
001
011

KEYCODE
THE CASE

P

T S B L O e e T i o B S e e e e e el e

K

10001
10001
11111
11111
11110
11110
11100
11100
10000
10000
00001
00001
00010
00010
0201l
00011
00100
001092
00101
00101
00110
001195
00111
00111
01000
01000
01001
01001
11010
11010
11011
11011
00000
000060
10010
10010

K

01110
01110
60000
00000
00001
00001
00011
00011
01111
01111
11110
11110
11101
11101
111060
11129
11011
11011
11010
11010
11001
11001
11000
11000
10111
10111
10110
10110
00101
00101

oo10d

00100
00000
00000
01101
01101

K

10001
10001
11111
11111
11110
11110
11100
11100
10000
1000¢C
00001
00501
00010
000210
Qo001
02211
001070
QOLOG
00101
00101
00110
00110
00111
00111
01000
01000
01001
01001
11010
11010
11011
11011
00002
oa0n0n
10010
10010

COMPLEMENT IS NOT USEI

WITH ALL OTHER

DSKY
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TABLE 2

- LOAD DESCRIPTION/LOAD TYPES

UPDATE DESCRIPTION

VERB TYPE

CMC CSM NAVIGATION
CMC LANDING SITE VECTOR

CMC TIME TNCREMENT

CMC LIFTORR TIME

CMC LM NAVIGATTON

CMC EXTERNAL AV

CMC REFSIMMAT .
CHMC RETRO EXTERNAL AV

CMC ENTRY

CI7C BRASABLE LIMORY &

CI'C BRASLDLE HEMORY
CHC ERASABLE MEMORY
CMC ERASABLE MEMORY

0>

T w

LGC LM NAVIGATION

LGC CSM NAVIGATION
LGC EXTERNAL AV

LGC REFSMAT

LGC TIME INCREMENT
LGC LIFTOFF TIME

LGC LANDING SITE VECTOR
LGC DESCENT

LGC ERASABLE MEMORY A
LGC ERASABLE MEMORY A
LGC = RASABLE IMEMORY B
LGC ERASABLE MEMORY B

71
71
73
70
71
71
71
71
71
71
72
71
72

71
71
72
71
73
70
71
72
71
72
71
T2
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IT.

TABLE 3

COMPONENTS OF DELAY

COMMAND LOADING ’ Time

Required (ms)

1. CCATS processing
2. MCC-GSFC transfer via WBD

3. GSFC read in - 2400 bits

@

50 kbps
I, GSFC processin

o
@

5. GSFC-RS transfer via HSD using
satellite at synchronous altitude

6. RSCC read-in - 1722 bits & 2.4 kbps

processinz Tor CAY VAL

8. RITC processing and buffering

9. RS-GSIC transfer via HSD
10. GS¥C read-in - 480 bits € 2.4 kbps
11. GSFC processing
12. GSFC-MCC transfer via WBD
13. CCATS read-in - 600 bits @ kbps

14, CCATS processing

COMMAND UPLINKING - "V71" or "V72"

15. CCATS processing for ECR

16. MCC-GSFC transfer via WBD

17. GSFC read-in-600 bits @ 50 kbps
18. GSFC processing

19. GSFC-RS transfer via HSD

56
23
48
13

300

21

3527
56
23
12
13

300
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IIT.

20.
21.
22.

23.

o
\Sa)

no
(@)

27.
28.
29.
30.

TABLE 3

COMPONENTS OF DELAY (Contd.)

RSCC read-in - 102 bits @ 2.4 kbps

RSCC processing

UDB processing

RS-SC propagation delay at lunar

distance

SC read-in - 3 keycodes & 160 ms, less
50 ms.

CHC/LGC processing

CHMC/LGC telemetry waitinge tine

readout

SC-RS propagation delay

- RSTC processing and buffering

(Repeat of 9-14 above)

MOCR display updating

- "ENTER"

31.
32.
33.
34,

Operator response time
(Repeat of 15-23 above)
SC read-in - 1 keycode

(Repeat of 25-30 above)

1

Time Required (ms)

53
130

1000

1967
110
5428

7505+x
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IV.

VI.

COMPONENTS O™ DELAY (Contd.)

LOAD DATA, W = 18

35.
36.
37.

38.
39.

4o.

b1,

b2,

3.

Operator response time
(Repeat of 15-23 above)

SC read-in - 116 keycodes @ 160 ms,
less 50 ms

CMC/LGC processin

CMC/LGC telemetry waiting time

- 2 readouts
SC-RS prcepasacvion delzy

RSCC processing - burler compare
routine

RSTC processing and buffering -
CAP COMPARE

(Repeat of 9-14 above)

Overator response time

(Repeat of 32-34 above)

Operator response time

(Repeat of 32-34 above)

Time Required (ms)

7505

7505+x

1505

T505+x
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COMPONENTS ‘OF DELAY (Contd.)

.
‘ Time Reqguired (ms)
‘ vii. "3"

48, Operator response time X

49, (Repeat of 32-34 above) 7505

7505+
VIII. M"ENTER"

50. Operator response time . X

51. (Repeat of 32-33 above) 2077

52. CHMC/LGC processing : 180

2257+%

Total for uplinking 66507+6x ms

s 67+6X sec,

!

For x = 2 sec. =79 sec.
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